identify resistance genes in common wheat, 380 wheat accessions from different geographical origins were evaluated for resistance to P. tritici-repentis race 1, the predominant race in the Great Plains of the United States and western Canada, and insensitivity to Ptr ToxA, a host-selective toxin produced by race 1. Most accessions tested (60%) were resistant and only 93 accessions (24%) were as susceptible as TAM 105, the susceptible control. Among 379 accessions, 230 were insensitive to Ptr ToxA, but only 158 of them showed resistance to race 1. A weak correlation between tan spot score and sensitivity to Ptr ToxA suggests that pathogenicity factors other than Ptr ToxA (like Ptr ToxC) also contributed to tan spot development in these accessions. The accessions with resistance to tan spot identifi ed in this study should be useful sources for developing new tan spot resistant cultivars. (Lamari et al., 2003) . Races 1 and 2 of P. tritici-repentis produce a host-selective toxin (HST), Ptr ToxA, that induces necrosis symptoms (Ciufetti et al., 1998; Tuori et al., 1995) . Ptr ToxA is a well-characterized HST of P. tritici-repentis and the gene that encodes for Ptr ToxA production including the endogenous promoter has been cloned (Ciuff etti et al., 1997; Manning et al., 2003) . Tsn1, a single dominant gene that conditions sensitivity to Ptr ToxA on the long arm of chromosome 5B (Faris et al., 1996; Anderson et al., 1999; Liu et al., 2006; Chu et al., 2008c) , has recently been cloned . Race 1 also produces another HST, Ptr ToxC (Eff ertz et al., 2002) . It is a nonionic, polar nonprotein HST toxin that induces chlorosis in sensitive wheat cultivars (Eff ertz et al., 2002; Singh et al., 2008a) . A recessive insensitivity gene of wheat to the toxin (tsc1) was mapped on the short arm of chromosome 1A (Eff ertz et al., 2002) .
Several studies have been conducted to search for potential resistant wheat germplasm to tan spot. Germplasm with a high level of resistance have been identifi ed in tetraploid wheat [Triticum turgidum L. subsp. durum (Desf.) Husn.] (Chu et al., 2008a) , synthetic hexaploid wheat (Xu et al., 2004) , bread wheat from Brazil (Rees and Platz, 1990) , and spring wheat from northern Great Plains (Singh et al., 2006) and the International Maize and Wheat Improvement Center (CIMMYT) (Ali et al., 2008) . However, elite winter breeding materials from United States and germplasm from Asia have not been extensively evaluated for resistance to tan spot. Surveys of tan spot resistance in these germplasm lines may facilitate identifi cation of new adapted breeding materials for commercial production of U.S. winter wheat and new sources of resistance from diff erent origins as parents in breeding programs to enhance genetic diversity of wheat resistance to P. tritici-repentis. This study was designed to evaluate U.S. elite winter wheat breeding lines and Asian germplasm from diff erent geographical origins for resistance to race 1 of P. tritici-repentis and sensitivity to Ptr ToxA and to identify new sources of resistance to tan spot.
MATERIALS AND METHODS

Plant Materials
A total of 380 wheat accessions were evaluated for tan spot resistance, including 212 U.S., 153 Asian, seven South American, and seven European accessions. The U.S. accessions consisted of 187 elite breeding lines and 25 major cultivars released in the hard winter wheat region. Accessions from the United States include those from 2008 U.S. Southern (n = 42) and Northern (n = 24) Hard Winter Wheat Regional Performance Nurseries, Hard Winter Wheat Regional Germplasm Observation Nursery (n = 37), U.S. Uniform Eastern Soft Red Winter Wheat Nursery (n = 33), Uniform Southern Soft Red Winter Wheat Nursery (n = 31), Oklahoma State University Breeding Nursery (Stillwater, OK) (n = 18), and 25 recently released cultivars (Supplemental Table S1 ). Among them, 116 accessions were hard red winter wheat (HRW), 22 hard white winter wheat (HWW), and 69 soft red winter wheat (SRW). They were all provided by Dr. Brett Carver from Oklahoma State University, Stillwater, OK. All accessions were purifi ed from a single plant before phenotyping was conducted to eliminate heterogeneity. These U.S. accessions were from nine major hard wheat-growing states (138 hard winter wheat accessions) and 16 major soft wheat-growing states in the United States (71 soft winter wheat accessions). TAM 105 and Karl 92, two hard winter wheat cultivars from the southern Great Plains of the United States, were used as the susceptible and resistant controls, respectively, for disease resistance classifi cation.
Disease Evaluation
All wheat accessions were evaluated for reaction to race 1 of P. tritici-repentis. Seeds were planted in a rack containing 100 66-mL RLC4 plastic conic tubes (Stuewe and Sons, Corvallis, OR) fi lled with a mixture of steamed soil:vermiculite (50:50). A cotton ball was placed in the bottom of each tube to prevent soil from leaking out. One seed per accession was planted in each tube. A randomized complete block design was used with 10 replications (Bockus et al., 2007) . Four racks (one replication) were planted each day to accommodate all 380 accessions plus checks and all replications were planted in 10 consecutive days.
Plants were grown under light for 12 h at 25°C and darkness for 12 h at 21°C after planting. When plants reached the 4-leaf stage (about 4 wk after seeding), seedlings were sprayed with a spore suspension (~5,000 spores mL -1 ) of the isolate AZ-00 (race 1) of P. tritici-repentis. Spores were produced by transferring a small disc of mycelium of the fungus from 1/4-strength potato-dextrose agar to the center of V-8 agar plates (150 mL V-8 100% Vegetable Juice [Campbell Soup Company, Camden, NJ] , 3 g CaCO 3 , 15 g agar, and 850 mL water), fl attening aerial hyphae with a sterile, bent-glass rod around the perimeter when the colony reached about 4 to 5 cm in diameter (about 5 d in the dark at 21-24°C), and incubating for 12 h in the light at 22°C followed by 12 h dark at 18°C. To produce suspensions, plates were fl ooded with distilled water and spores dislodged using a transfer loop. Approximately 35 mL spore suspension was applied to each rack using a De-Vilbiss atomizer (Micromedics Inc., St. Paul, MN) at 172 kPa (Singh et al., 2008b) . Racks were placed in a mist chamber with 100% relative humidity for 48 h at 20 to 28°C with a 12 h photoperiod. Plants were returned to the original greenhouse benches 48 h after inoculation. Seven days after inoculation, the bottom three fully expanded leaves were scored based on the estimated percent leaf area diseased (%LAD), ranging from 0 to 100% at 5% intervals. Both necrosis and chlorosis were scored from three inoculated leaves of each plant and were averaged to obtain an overall %LAD for the plant.
Ptr ToxA Assay
After tan spot was scored, approximately 100 μL of partially purifi ed Ptr ToxA was infi ltrated into the fourth leaf of at least three seedling plants using a Hagborg device (Hagborg, 1970) . The boundaries of the infi ltration areas were marked with a fi ne point nontoxic pen right after infi ltration. Leaves were evaluated for reaction to the toxin 4 d after infi ltration and were scored as either sensitive (+, 1) or insensitive (-, 0) to toxin.
as susceptible as TAM 105. The highly resistant accessions (1.3%) include four accessions from the United States and one from China and the resistant accessions include 112 accessions from the United States, 102 from Asia, four from South America, and six from Europe. Because all materials were chosen without any regard to reactions to tan spot, the materials used in this study represented a random collection in regard to tan spot resistance.
The U.S. accessions used in the study are mainly elite breeding lines or newly released cultivars of diff erent market classes from major U.S. hard and soft winter wheat breeding programs of the Great Plains and eastern and midwestern United States ( Table 2 ). Most of them were resistant to tan spot infection irrespective of market class. In total, 112 out of 212 U.S. accessions were resistant to tan spot. The proportion of resistant accessions to the total number of accessions varied among market classes. A higher percentage of resistant accessions were observed in SRW (71%) than in HRW (45%). The four highly resistant U.S. accessions also belong to the SRW class (La01*425, M03-3616C, KY97C-0519-04-07, and MO040152).
Many resistant accessions from the United States share common resistant parents. Resistant accessions OK06313, India Exp, and KS010957K~4 shared a common parent, Karl 92, in their pedigrees. This suggests that the resistance gene(s) in Karl 92 had a high heritability for resistance to P. tritici-repentis race 1. Resistance of accessions U07-698-9, TX04M410211, OK04505, AP05T2413, HV9W02-942R, Overley, TX01V5134RC, OK05830, OK04507, KS020304K~3, and OK01420W appeared to be contributed by Jagger because Jagger was one of their parents and showed high resistance to tan spot (Sears et al., 1997) .
The majority of Asian accessions used in this study were either Funo-related or landraces (Table 3 ). Similar to the U.S.
Statistical Analysis
Statistical analysis was performed using the Statistical Analysis System (SAS Institute, 2003) . Analysis of variance (ANOVA) was performed to test the diff erence in reactions of wheat accessions to P. tritici-repentis among accessions. Least signifi cant difference (LSD) was computed and used as a basis for grouping the accessions into diff erent categories. Correlation was analyzed to evaluate the relationship between sensitivity to Ptr ToxA and average reaction to P. tritici-repentis.
RESULTS
Wheat Reactions to Race 1 of Pyrenophora tritici-repentis
Wheat accessions varied greatly in reactions to race 1 of P. tritici-repentis (Fig. 1) . The resistant control Karl 92 had an average %LAD of 42.9%, ranging from 35.2 to 48.7%, while the susceptible control TAM 105 had an average %LAD of 79.2%, ranging from 77 to 82.3%. Leaf area diseased ranged from 21.9 to 87.8% with an average of 55.3% for all accessions tested (Supplemental Table S1 ). Frequency distribution of %LAD in the collection was continuous but skewed toward the resistant control Karl 92 (Fig. 1) . To classify tested materials into diff erent resistance categories, all accessions were compared with mean of resistant and susceptible controls and the LSD value. Hence, tested accessions were grouped as highly resistant (%LAD ≤28.5; better resistance than Karl 92), resistant (28.5 < %LAD ≤ 57.4; similar to Karl 92), moderately susceptible (57.4 < %LAD < 64.8; between Karl 92 and TAM 105), and susceptible (%LAD ≥64.8; similar to TAM 105). The 379 accessions include fi ve highly resistant, 224 resistant, 57 moderately susceptible, and 93 susceptible (Table 1) . Thus, 60% accessions in this study showed similar or better resistance than Karl 92 and less than a quarter of accessions were accessions, more resistant Asian accessions (67%) were also observed than susceptible accessions (14%). Funo, an Italian variety, was introduced to China in the 1960s and has been widely used as a parent for Chinese wheat improvement. Among 153 Asian accessions, 57 were Funo-related and 31 of them (54%) were resistant with one (Linnong12) showing better resistance than Karl 92. Funo, which also had a low %LAD of 43.15%, might be the major contributor to the resistance for these accessions. An even higher rate of accessions (76%) was identifi ed to be resistant in landraces than Funo-related accessions in the Asian collection.
Wheat Insensitivity to Ptr ToxA
TAM 105, the susceptible control, was sensitive to Ptr ToxA, whereas Karl 92 was not. After infi ltration with Ptr ToxA, leaves of sensitive accessions showed necrosis on the infi ltrated leaf area within 3 to 4 d after toxin infi ltration, but insensitive accessions did not show any symptom. Of the 379 accessions, only 150 showed necrosis after toxin infi ltration and the rest were all insensitive to Ptr ToxA, suggesting that most wheat accessions in the collection are insensitive to Ptr ToxA (Table 1) . Some accessions with an insensitive reaction to Ptr ToxA also had similar disease levels as the resistant control. Resistant accessions Atlas66, Chinese Spring, Wangshuibai, Chokwang, and Haiyanzhong also showed insensitivity to Ptr ToxA in this study.
In the 230 accessions that were insensitive to Ptr ToxA, 40 were highly susceptible to tan spot and displayed extensive chlorosis. For example, highly susceptible cultivars Wheaton and Ning7840 were insensitive to Ptr ToxA. After infi ltration, necrosis was not observed in the infi ltration areas of these accessions. In the U.S. accessions, 109 were insensitive to Ptr ToxA. Interestingly, almost all of SRW wheat (65 out of 69) were insensitive to Ptr ToxA although some of those were moderately susceptible or susceptible to tan spot. Only one quarter of HRW were insensitive (31 out of 116) to Ptr ToxA (Table 2) . Of the 153 Asian accessions, about 71% (108) were insensitive to Ptr ToxA including 59 landraces and 34 Funo-related accessions. A major portion of Asian resistant accessions (75%) was insensitive to Ptr ToxA (Table 3) .
Overall, a weak positive correlation (r = 0.24, p < 0.0001) was observed between wheat resistance to P. tritici-repentis race 1 and insensitivity to Ptr ToxA. Therefore, some resistant accessions were sensitive to Ptr ToxA and susceptible accessions were insensitive to Ptr ToxA. For example, some resistant accessions such as Anxuan2, OK05212, OK06528, and M04-4715 were sensitive to Ptr ToxA whereas susceptible accessions such as Yangmai4, Yunmai27, and OK06210 were insensitive to the toxin. The results implied that virulence determinants other than Ptr ToxA were involved in tan spot disease in wheat. 
DISCUSSION
Evaluation of Germplasm for Tan Spot Resistance
Only a few studies have been conducted to evaluate tan spot resistance in hexaploid wheat. Chu et al. (2008a) evaluated 688 accessions of tetraploid wheat for tan spot resistance, and Xu et al. (2004) reported tan spot resistance in synthetic hexaploid wheat. In bread wheat, several studies have been conducted on evaluation of tan spot resistance in spring wheat (Singh et al., 2006; Ali et al., 2008) . However, tan spot resistance has not been well documented in winter wheat, especially elite breeding lines. This is the fi rst report on evaluation of tan spot resistance in a collection of U.S. elite winter wheat breeding materials and Asian germplasm. The results provided an informative report on the status of tan spot resistance in U.S. breeding programs and Asian germplasm and a guideline for breeders to select parents to improve tan spot resistance in U.S. winter wheat. In addition, many resistant lines identifi ed from Asian sources will be valuable for improving genetic diversity of tan spot resistance in U.S. wheat breeding programs.
To accurately evaluate tan spot resistance, a reliable method for disease evaluation is important. There are two disease scoring methods that have been reported, a 1 to 5 rating scale of lesion type on the third leaf or newest expanded leaf at the time of inoculation (Lamari and Bernier, 1989b, c; Faris and Friesen, 2005; Faris et al., 1997) and another scale of using an average percent leaf area diseased (%LAD) of the three bottom leaves (Bockus et al., 2007; Sun et al., 2010) . Faris et al. (1997) compared the two rating scales and concluded that they both were highly correlated and gave similar accuracy in tan spot rating in wheat leaves. However, the %LAD of the three bottom leaves provides an evaluation of disease damage due to inoculation. This rating method showed high repeatability among diff erent plants of each accession and a high correlation of 0.88 in a 1 to 5 lesion rating scale (Bockus et al., 2007; Faris et al., 1996) .
The frequency distribution of the disease rating in this study was continuous, and a clear cut was not found between resistant and susceptible accessions. To provide more objective resistance classifi cation of the collection, accessions with known resistance and susceptibility were used as controls and added to each replication to minimize disease scoring error. The two controls, Karl 92 and TAM 105, were selected based on more than 10 yr data (De Wolf et al., 2010) and showed consistently large diff erences in reaction to tan spot (Singh et al., 2008a) . Based on the comparison of each entry to the means of controls using the LSD, all accessions were grouped into four classes: highly resistant, resistant, moderately susceptible, and susceptible. Resulted groups should be useful reference for breeders to select parents for further crosses in breeding programs.
Sources for Tan Spot Resistance
In this study, 60% of the accessions were in the resistant to highly resistant categories. These accessions should be a useful resource for breeders to develop disease-resistant germplasm or varieties. Most of the wheat accessions from the United States are breeding lines from regional performance nurseries and could be potential new cultivars after further yield testing. The resistance genes or QTL for tan spot resistance in U.S. wheat appeared to be derived from limited sources because many resistant U.S. accessions shared the same sources of resistance. For instance, Karl 92 has been used in breeding programs since its release in 1988 and has a high level of resistance to tan spot (Bockus et al., 2001 ); Overley and OK06528 can be traced back to resistant parent Heyne (Bockus et al., 2001 ); HV9W05-881R and OK05212 have resistant parent Betty in their pedigrees. U.S. lines M04-4715, D04-5012, HV9W05-881R, and TX04M410211 all were resistant and have a common parent Mason which might be the principal contributor of resistance to tan spot. Resistant accessions Karl 92 and Jagger were the major contributors of resistance to many U.S. accessions in our collection. Some resistant accessions performed signifi cantly better than their resistant ancestors as reported by Rees and Platz (1990) . However, immunity to P. tritici-repentis has not been observed in bread wheat, which agrees with Rees and Platz (1990) .
Various proportions of tan spot resistant accessions were observed between market classes and materials from different geographic areas. Gurung et al. (2009) reported that Table 3 . Reactions of wheat accessions from China, Japan, and Korea to infection of Pyrenophora tritici-repentis and infi ltration of Ptr ToxA. resistance to tan spot was associated with winter growth habit and believed that winter environments were conducive to the disease. Winter wheat is vulnerable to P. tritici-repentis from winter to May (Raymond et al., 1985) . As a result, these U.S. lines may have undergone disease pressure at the time they were tested by breeders and then were selected because of their resistance to many diseases including tan spot. However, results from this study cannot support the hypothesis that winter wheat is more resistant than spring wheat because the majority of Asian lines tested were spring wheat and most of them showed a high level of resistance. Gurung et al. (2009) identifi ed resistant spring wheat accessions from South America, Asia, and Europe but not from the United States. In this study, both U.S. winter wheat and Chinese spring wheat showed resistance to race 1 of P. tritici-repentis; thus, they can be useful sources of resistance for breeding for tan spot resistance. The use of elite breeding lines as resistant parents in breeding for tan spot resistance can be very eff ective since they already have other traits that the breeder has selected such as high yield and resistance to other diseases. Some breeding lines can also be used directly as cultivars after further testing because they are already adapted to the correct environment.
Funo, an Italian cultivar, showed highly heritable resistance to tan spot because 54% of Funo-related Asian accessions were resistant with one as highly resistant. Funo was introduced to China in 1956 (He et al., 2001 ) and has been heavily used as a parent in many Chinese breeding programs for more than a decade (Bai et al., 2003) . Funo's resistance to tan spot may have been acquired from Rieti, an Italian parent, because Rieti was reported to contribute resistance to Mentana (Rees and Platz, 1990 ). Frontana showed a high level of resistance in this study and was a derivative of Mentana, a relative of Funo. Thus, Funo can be a good source of resistance due to its high heritability and wide adaptation. Its contribution of resistance of Fusarium head blight (FHB) has also been reported (Shen et al., 2003) .
Other sources of resistance to tan spot are landraces. In this study, 76% of the Asian landraces were resistant to tan spot. Some resistance genes from some landraces have not yet been deployed to modern cultivars and can be useful sources for enhancing genetic diversity of tan spot resistance genes (Bonman et al., 2007) . Some landraces have been studied (Harlan, 1975) and many showed resistance to Fusarium (Fusarium graminearum) head blight, stem rust (Puccinia graminis), powdery mildew (Blumeria graminis f sp. tritici), and drought (Bonman et al., 2007; Wei et al., 2005; Reynolds et al., 2006; Bhullar et al., 2009) . However, the use of bread wheat landraces for tan spot resistance has not been exploited. Several studies assessed tan spot resistance in tetraploid, synthetic hexaploid, durum, and wild emmer wheat [Triticum turgidum L. subsp. dicoccoides (Körn. ex Asch. & Graebn.) Thell.] (Morris et al., 2010; Tadesse et al., 2007; Chu et al., 2008a Chu et al., , b, c, 2010 Xu et al., 2004) . As an alternative source, resistance from hexaploid landraces should be easier to use to improve resistance of commercial cultivars than that from other wheat relatives. Some landraces may carry genes that are not currently present in elite breeding lines. Marker-assisted backcrossing may facilitate introgressing these genes to a more adapted cultivar to increase genetic diversity of resistance genes.
Pathogenicity Factors Involved in Tan Spot Development
Our data suggest that host reaction to Ptr ToxA does not exclusively determine the host's reaction to race 1 of P. tritici-repentis. A positive but very weak association was observed between Ptr ToxA and resistance to race 1 of P. tritici-repentis. This may be due to the fact that race 1 also produces another toxin (Ptr ToxC) that produces the chlorosis symptom in the disease syndrome. Also, resistance to tan spot has been reported to be quantitatively inherited (Faris et al., 1997; Friesen, 2005, Singh et al., 2010) and controlled by multiple genes (Singh et al., 2008a (Singh et al., , 2010 . Race-nonspecifi c resistance to tan spot was reported in chromosomes 1B and 3B of hexaploid wheat (Faris and Friesen, 2005) , rather than tsn1, in a wheat population segregating for Ptr ToxA sensitivity. Thus, insensitivity to Ptr ToxA does not necessarily imply resistance to race 1 (Friesen et al., 2003) . Another resistance QTL was identifi ed in chromosome 3AS (Eff ertz et al., 2002) . Singh et al. (2010) suggested that the majority of tan spot resistance genes are insensitivity genes to diff erent toxins, but toxin sensitivity genes or QTL may also exist. Thus, resistance to tan spot is complex and may be collectively controlled by several diff erent genetic factors.
Four combinations of toxin-disease reactions were observed among the accessions: Ptr ToxA insensitive-disease resistant (40.6%), Ptr ToxA sensitive-disease resistant (19.8%), Ptr ToxA sensitive-disease susceptible (20.6%), and Ptr ToxA insensitive-disease susceptible (19%). Among them, Ptr ToxA insensitive-disease resistant is the largest group. In this group, the insensitivity to Ptr ToxA and tan spot resistance of Atlas66, Chinese Spring, Wangshuibai, Chokwang, and Haiyanzhong have also been reported previously (Liu et al., 2006; Sun, 2009) , which indicates that the disease and Ptr ToxA response data collected in this study are repeatable. In this group, most insensitive accessions showed a similar level of resistance as the resistant control Karl 92 and they most likely carry the recessive resistance gene tsn1 (Friesen et al., 2003; Lamari and Bernier, 1991) . This is a very useful group of germplasm and the resistance gene in some of the elite breeding lines can be quickly deployed into commercial cultivars.
The next group consists of Ptr ToxA sensitive-disease resistant accessions. This group of accessions apparently carries Tsn1 that produces sensitivity to Ptr ToxA. For example, Chinese landrace Anxuan21 and U.S. breeding line OK5212 were sensitive to Ptr ToxA but showed very low %LAD of 33%. The tan spot resistance in this group may be due to an insensitivity gene to Ptr ToxC, another toxin produced by the race 1 (Eff ertz et al., 2002) . Due to unavailability of stable, purifi ed Ptr ToxC, we were not able to test this hypothesis experimentally. Further investigation of resistance genes in these accessions will shed light on understanding the mechanisms underlining tan spot resistance.
The third group consists of Ptr ToxA sensitive-disease susceptible accessions. Accessions in this group most likely carry Tsn1, a gene that increases sensitivity to Ptr ToxA and therefore susceptibility to race 1. However, it is also possible that a gene for sensitivity to Ptr ToxC might be present in some accessions because both necrosis and chlorosis were observed on leaves of some accessions. This group included Endurance (80.17 %LAD) and Scout 66 (81.67 %LAD). Ptr ToxA was reported to be suffi cient for disease development (Ciuff etti et al., 1997) in some wheat genotypes.
The fourth group is toxin insensitive-disease susceptible (19%). Tan spot in this group was most likely caused by Ptr ToxC. In this group, although necrosis was not observed on the Ptr ToxA infi ltration region, the plants were scored susceptible due to excessive chlorosis in the leaves. This group included Wheaton (76.50 %LAD) and Yunmai 27 (87.83 %LAD). This observation supports the hypothesis that Ptr ToxC was a major factor for disease development in these accessions because Ptr ToxC induces chlorosis (Eff ertz et al., 2002) . This group of accessions might carry tsn1 but not the insensitivity gene for Ptr ToxC.
A previous study showed that Ptr ToxA can only aggravate the damage by the pathogen to the plant but not directly cause the disease in some wheat genotypes; therefore Ptr ToxA is a virulence factor rather than a pathogenicity factor (Friesen et al., 2003) . This supports the observation that excessive chlorosis was a major symptom of susceptibility and most susceptible accessions showed excessive chlorosis rather than large necrotic lesions in their leaves. Thus, Ptr ToxC may be the major pathoginicity factor in many susceptible accessions. In addition, we may not be able to rule out other factors as virulence determinants of race 1 of P. tritici-repentis (Friesen et al., 2002; Andrie et al., 2007; Eff ertz et al., 2002) besides Ptr ToxA and Ptr ToxC. Chu et al. (2008b) studied tan spot resistance in T. dicoccoides and suggested that other genes besides Tsn1/tsn1 might be involved in governing susceptibility or resistance to tan spot.
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Supplemental Table 1 . Seedling reactions of diff erent wheat accessions to Pyrenophora tritici-repentis and to Ptr ToxA.
